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PREFACE 


This  Toclinical  Rf-piarl.  var.  pro{xircxl  by  tho  Aircraft  Division  of  Noi  tlirop 
CoiToration  lUiJcr  Contract  I.’o.  r33C15-7S-C-3103  for  Uvj  Ait  Force  Fli.cjht  Dy- 
m;inic:s  LQbDratoi"y,  Air  Force  V, ’right  Aeronautical  Latoratorics,  Air  Force  Sys- 
tems Ccr.rvnnd,  Kright-Patterson  Air  Force  Rise,  Ohio.  I'ir.  Pdchard  J.  llirt, 
7d’n'>Ij  v>Ms  tlio  Air  Force  Progrrsa  Minacicr.  Tltis  i*ei«rt  covers  the  pc^riod  fran 
1 T^ril  1975  to  31  March  1976. 


Hie  work  described  in  the  report  was  carriod  out  by  Northrop  Oorixiration, 
Aircraft  Division,  D.  J.  LeBlanc,  Program  Director.  Principal  contributors 
to  the  Northrop  activities  described  in  this  report  and  their  areas  of  respon- 
sibility are  listed  below: 


Oontriljutor  Responsibility 


J.  Lorenzana 

Principal  Cost  Investigator 

A.  Kokawa 

Cost  Analysis 

T.  Bettner 

Cost  Analysis 

F.  Timson 

Cost  Analysis 

J,  Proctor 

Cost  Tuialysj.s 

H.  J.  Behrens 

Industrial  Engineering 

L.  Lyle 

Detail  Engineering 

M.  Woo 

Corputcr  Progranming 

L.  Bernhardt 

Design  and  Analysis 

PAGa  aUMUNOT  FIXMED 


TRBLE 


SECTION 

PAGE 

1.0 

, luraoDocncN 

( . 

1 

2.0 

^ INPUT  POPMS^^ 

3 

3.0 

'^KEyPUNCHTNG  DATA  CARDS 

24 

4.0 

^ESTII ATING  EQUATIONS , 

27 

4.1 

• \ 

lAYUP  STANDARDS  ' 

28 

4.2 

CORE  PREPARATION  STANDARDS 

31 

4.3 

PART  ai«OLIDATICN  STANDARDS 

32 

4.4 

FINISHING  STANDARDS 

37 

4.5 

FACTC«Y  LABOR  VARIANCE 

38 

4.6 

SUPPORT  FUNCTIONS 

41 

4.7 

lABOR  AND  OVERHEAD  RATES 

46 

5.0 

OUIPUTS 

48 

1.0  INTRODLCriON 


The  c*)jective  of  the  "Advanced  Oenposite  Cost  Estijnating  Manvial  Pro- 
gram," Contract  No.  F33615-75-0-31C3  was  to  develop  a cenputerized  method- 
ology for  estimating  the  recurring  costs  associated  with  the  fabrication 
for  advanced  ocxrposite  parts,  and  to  fully  doevsnent  this  methodol.ogy  for 
use  by  Government  and  Industry.  This  program  was  cjonducted  by  Northrop 
Corporation,  Aircraft  Division,  from  April  1975  to  31  March  1976.  A cem- 
prehensive  description  of  the  development  of  the  oonputerized  methodology 
is  provided  in  Volune  I of  this  report. 

Ihe  User's  Manual  describes  the  implementation  of  the  ccnixiterized 
estimating  system  developed  in  the  "Advanced  Conposites  Cost  Estimating 
Manual  Program."  This  volune  contains  instructions  for  corpletion  of  the 
input  forms,  instructions  for  keypunching  data  cards,  estimating  equations, 
and  description  of  the  outputs.  This  constitutes  a oorplete  explanation  of 
the  procedures  to  be  follcwed  in  using  the  system. 

The  master  diagram  on  the  next  page  illustrates  the  flow  of  the  esti- 
mating process.  It  identifies  the  various  input  and  output  docunents  pre- 
pared and  generated  as  well  as  the  operations,  piocessir>g,  and  calculations 
performed  to  arrive  at  the  desired  cost  estimates.  Detailed  discussions  of 
the  subject  eireas  of  this  diagram  are  contained  in  the  denoted  sections  of 
this  sA^lune. 


MASTER  DIAGRAM  OF  COMPUTERIZED  COST  ESTIMATING  SYSTEM 


2.0  INPUT  FORMS 


Six  (6)  Input  Forms  have  boon  doslgncd  for  this  system.  ACCKM-0  gives  general 
infoniuntion  about  the  user  and  the  part  to  be  estimated.  In  addition,  tliis 
form  servos  as  a checklist  that  the  computer  uses  to  determine  the  typo  and 
quantity  of  the  subsequent  Input  forms  submitted  by  the  user.  ACCRM-l  (bayup) 
provides  detail  Information  on  the  part  or  parts  layod  up,  specifying  the 
layup  methods  and  techniques  used  and  the  tyne  and  form  of  advanced  composite 
material  layed  up.  It  also  provides  information  on  stipplemcntary  layup  opera- 
tions such  as  debulklng  and  trimming  as  required.  ACCEM-2  (Core  Operations) 
describes  the  processes  performed  to  prepare  aluminum  honeycomb  core  accord- 
ing to  specifications.  ACCKM-3  (Part  Consolidation)  defines  the  processes 
performed  In  joining  and/or  curing  composite  and  detail  parts.  V/hen  co- 
curing, this  form  Identifies  the  various  composite  and  core  elements  that  are 
to  be  cured  simultaneously.  In  addition,  this  form  covers  the  splicing  and 
bonding  of  core.  More  titan  one  curing/ joining  cycle  is  available  via  this 
form,  thereby  accomodating  pre-curing  and  secondary  bonding  operations. 

ACCEM-A  (finishing)  identifies  and  provides  detail  Inlurmitlon  on  the  various 
trimming  and  drilling  operations  that  are  performed  on  cured  composite  parts. 
ACCEM-5  (Cost  Projection)  specifies  the  factors  and  rates  that  are  used  in 
calculating  final  cost  estimates. 

To  aid  the  user  in  filling  out  the  ACCEM  input  forms,  dcscript lons/instruct  Ions 
have  been  provided.  Examples  of  completed  input  forms  for  sample  estimates 
are  contained  in  the  Appendix. 
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GENF.RAL  INSTRUCTIONS 

1.  The  user  must  follow  a specific  format  when  filling  the  data  In  the 
proper  fields,  Partlrulnr  rare  should  be  exercised  In  positioning 
Integers.  In  order  to  avoid  conftision,  all  the  spaces  of  the  data 
field  for  the  element  must  be  filled  In.  For  example,  "1"  is  written 
"001,"  as  Illustrated  below; 

1 -►  .0.0. i . 

10  -♦  .O.i  .o 
100  ->■  .1  .0.0. 

The  Input  elements  for  which  this  rule  applies  are  identified  in  the 
description/instructions  for  each  form. 

I;.  The  computer  program  has  been  designed  with  four  levels  of  data  require- 
ments. Some  of  the  data  must  be  inputted  by  the  user  for  program 
execution;  some  is  computer  generated;  and  some  Is  for  documentation 
purposes  only.  The  data  requirement  for  each  Input  element  is  identi- 
fied in  the  description/instructions  for  each  ACCEM  form.  The  defini- 
tions of  the  data  requirements  are  as  follows: 

UNCONDITIONAL  REQUIREMENT  - Absolutely  necessary  for  program  execution. 

CONDITIONAL  REQUIREMENT  - Necessity  dependent  upon  other  conditions 
being  present.  (For  example,  if  .an  operation  is  performed,  then  the 
accompanying  parameters  must  be  filled  in) 

SY  STEM  GENE RAT  ID  - If  data  is  not  Inputted  by  the  user,  then  specified 
default  values  will  be  supplied. 

DOCUMENTAT I ON  - Data  input  is  voluntary  and  is  generic  to  the  user  only. 
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ACCEM-0  INPUT  CHECKLIST 


ACCEM-0  idiMUifli's  l!u-  typos  and  qiiantitios  of  data  contained  In  the  Input 
Package.  This  Information  is  used  by  the  computer  In  determining  the  processing 
sequence. 

ACCEM-0  is  unconditionally  required  for  computer  program  operation. 

UESCKlPriON  OK  EI.KMF.NTS 

EST1MAT3  NUMBER  - N.ame  of  person  supply  data  D 

ESTIMATE  NliMBKR  - Identification  number  of  estimate  D 


PART  NArtE  - 

N.ime  of  part 

D 

PART  NUMBER  - 

Identification  number  of  part 

D 

INPUT  FORMS  - 
QUANTITY  USEIl 

List  of  form  names 

Amount  of  each  form  included  in  Input  Package 

ACCEM  - 1 

LAYUP 

(INIEGKR) 

d 

ACCEM  - 2 

HONEYCOMB 

CORE  PREPARATION 

U 

ACCEM  - 3 

PART  CONSOLIDATION 

U 

ACCEM  - A 

FINISHING 

OPERATIONS 

u 

ACCEM  - 5 

COST  PROJECTIONS 

u 

LECENl) 

DATA  REQUIREMENT:  U - Unconditlon.il  Requirement 

C ■ Conditional  Requirement 
S “ System  Cener.ited  (Value  Specified) 
D Pocument  at  I on 
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ACCEH-0 


INPUT  CHECKLIST 


CARO  I 


CATD  2 


ESTIMATOR  NAME 
ESTIMATE  NUMBER 
PART  NAME 


.21 


.41 


PART  NUMBER 

1 

1 

INPUT  FORMS 

QUANLITY  USED  ! 

ACCEI1- 1 

LAYUP 

Ill  ' 

1 

3 . i 

ACCEM-2 

HONEYCOMB  CORE  PREPARATION 

L--J  ; 

ACCEM-3 

PART  CONSOLIDATION 

L_i  i 

/ 1 i 

ACCEM-4 

FINISHING  OPERATIONS 

1— ^-.1 

ACCEM-5 

COST  PROJECTION 

ACCEM  - 1 


1J\YUP 


OBJECT  IV 1-. 


ACCEM  - 1 provides  the  information  for  the  description  of  the  material  and 
the  processes  used  in  the  layup  operation.  Data  supplied  in  this  form  will 
be  used  in  calculating  the  standard  hones  and  material  costs  for  the  layup 
operation,  as  well  as  part  weight.  Codes  arc  provided  for  some  of  the  inputs, 
it  is  necessary  to  have  one  l.ayup  Form  for  each  non-identical  layup. 


It  is  an  unconditional  requirement  that  either  ACCEM  - 1 or  ACCEM  - 2 be 
Included  in  the  Input  Package  for  computer  program  operation. 


DESCRIPTION  or  EI.KMFNTS  DATA  R Et J . 

PART  NAME  - Name  of  part  layed  up  U 

PART  NUMBER  - ident if  1 cat  ion  number  of  part  layed  up  U 

QUANTITY  - Amount  of  identical  parts  loyed  up  (INTEGER)  U 

TRIM  Al.LOWANCE  - Unit  of  excess  added  to  part  dimensions  to  provide 

tor  trim,  in  Inches  S = 1.00 

LAYUP  TOOL  SAME  AS 

CURING  TOOL  - A lay  p may  be  layed  up  and  cured  on  the  same  tool, 

or  it  may  be  transferred  to  another  tool  for  curing.  S = 0 

DEBULKING  - Process  of  denslfying  piles 

NO.  OF  OCCURRENCES  - Amount  of  debuiking  operations  performed  (INTEGER)  S = 0 

TYPE  OF  BAG  - Category  of  material  used  In  debuiking  C 

COST  - Cost  of  material  in  dollars  per  pound 

GRAPHITE  - TAPE  S «=  57.00 

- WG'.'EN  S - 9'J.OO 

FIBERGLASS  - TAPE  S - 3.70 

- WOVEN  S - 1 . 30 


DENSITY  - 

GRAPHITE  - TAPE 


Weight  of  material  for  a given  unit  of  surface  area, 
in  pounds  per  squ.are  inch 

S « O.OOOA 


- WOVEN 

FIBERGLASS  - TAPi; 

- WOVEN 


S " 0.00C8M 
S = O.OOOjA 
S » 0.00104 
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DESCRIPTION  OF  El.KMENTS 


DATA  REQ. 


METHOD 


HANDLING  METHOD 
PREPLY  - 

DIRECT-ON-TOOL  - 


Procedures  and  techniques  used  to  deposite  com- 
posite material  or  tool  (If  HANDLING  METHOD  1, 
then  Information  must  bo  filled  out  for  first  line 
of  preply.  If  HANDLING  METHOD  = 2,  then  information 
must  no  filled  out  for  each  ply) 


Stack  of  piles  whlcli  are  layed  upon  a flat  surface 
and  then  transferred  to  the  layup  tool. 

Deposition  of  composite  material  one  ply  at  a time 
on  layup  tool 


QUANTITY  OF  PREPLIES  - Amount  of  identical  stacks  of  plies  (INTEGER) 
LAYUP  METHOD  - 
DEPOSITION  TECHNIQUE  - 
PLY-ON-PLY  - 
FLY-ON-MYLAR  - 


BEND  DESCRIPTION 


TYPE  OF  BEND  - 


LENGTH  OF  BEND  - 


Layup  directly  on  previously  layed  up  ply 


C 

S = 1 
S = 1 


Each  ply  is  layed  up  on  a template  (mylar)  and 
then  transferred  to  the  stack  or  layup  tool. 

Parameters  which  define  layup  complexity  of  non- 
flat parts.  (If  HANDLING  METHOD  = 1,  then  a 
separate  entry  for  each  type  of  beml  must  begin 
on  the  first  lino  of  the  priqily  description.  If 
HANDLING  METHOD  - 2,  then  a separate  entry  for 
each  type  of  bend  must  begin  on  the  line  of  the 
ply  description) 

A bend  is  characterized  by  a combination  of  factors. 
The  surface  along  which  the  bend  extt-iids  may  he 
straight  or  curved.  The  change  in  tile  surface  of 
the  part  which  determines  the  bend  is  defined  by  the 
radius  of  curvature.  If  the  r.idius  is  less  than  or 
equal  to  two  inches,  the  bend  is  sharp.  The  bend 
is  radial  if  the  tneasureiuent  is  greater  than  two 
Inches.  A male  bend  is  external  to  the  tool  surface; 
a fcmal  bend  i.s  internal.  Curved  bends  may  be 
cl<asslfi''d  according,  to  flange  type.  A stretch 
flange  is  one  in  which  the  outer  edge  expands  away 
from  the  ccntc-r  of  curvature.  A shrink  flange  is 
one  In  which  the  outer  edge  contracts  toward  the 
center  of  curvature  (See  illustrations  on  next  page.) 

Length  of  .ne  bent  surface  perpendicular  to  the  bend 
angle 


LENGTH 


R ' RADIUS  OF  CURVATURE 
RADIAL,  MALE 


R = RADIUS  OF  CUHV/.TURE 


RADIAL.  FEMALE 


STRAiarr  beisTO 


R = RADIUS  OF  CURVATURE 


SHRINK  FLANGE  STRETCH  FLANGE 


CURVED  BENDS 


*V»-. 


- 
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DESCKIPTION  OK  laKMK.NTS 


DATA  REQ. 
C 


RADIUS  OK  CUKVATURK 

For  Bend  Codes  3-A:  Rndius  of  cirele  perpendicular  to  bend  length 
For  Bend  Codes  5-7:  Radius  of  the  circle  formed  by  the  bend  length 
FLANGE  WIDTH 


For  Bend  Codes  5-6:  Distance  from  the  bend  angle  to  the  edge  of  the 
flange 


PLY  DESCRIPTION  - 


OPT ENT AT TON  - 

COUNT  - 
DIMENSION 


MATERIAL  - 
FORM  - 
TYPE  - 
WIDTH  - 


Defines  each  ply  that  composes  the  part.  (If 
HANDLING  METHOD  = 1,  then  a separate  entry  for 
each  ply  type  of  the  preplied  stack  must  be  filled 
ov!L.  If  HANDLING  METHOD  = 2,  then  a now  entry 
must  be  supplied  for  each  ply  having  a unique 
Layup  Method,  Bend  Description,  or  Ply  Description.) 

Angle  which  material  is  layed  up.  The  0 ply 
orientation  is  always  in  the  length  direction. 
(INTEGER) 

Number  of  plies  (INTEGER) 

(Where  the  part  to  be  layed  up  has  a ci rved  bend, 
dimension  can  be  measured  by  taking  the  flat  equi- 
valent of  the  layup.  To  do  this,  extend  the  we’^ 
width  to  cover  the  flange  width.)  For  a rectan- 
gular part,  the  dimensions  arc  length  .and  width  , 

For  non-in’Ctangular  parts  the  necessary  dimensions 
are  area  and  distance  (greatest  length  ac  .-oss  the 
pan  perpendicular  to  orientation). 

NOTE:  Dimensions  must  be  filled  in  for  either  the 

rectangular  or  non-roctangular  category. 

Defines  the  composite  material  used  in  l.ayup 


(In  inches) 


C 


U 

U 


U 


S = 1 
S = 1 

s = :i.o 


NOTE:  AFTER  FILLING  THE  LAST  LINE  OF  DATA,  THE  USER  MUST  ENTER  "9999"  IN 
THE  FIRST  FOUR  COLUMNS  OF  CARD  A.  AND  "000"  IN  THE  FIRST  THREE 
COLUMNS  OF  CARD  5. 


DATA  REQUIREMENT:  U - Unconditional  Requirement 

C = Conditional  iUquirement 
S “ System  Gener.aied  (Value  Specified) 
n ~ Pni-iinH' nt  at  I on 
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ACCCM-1  LAYUP 


CARDI  .PART  NAME 


:iUt1BlR 


CARO  2 (BLANK) 


(•IN  AUOUAia 


IA)UI>  lOOl  SAMC  as  CubKC  TOO!  KIACK  O'lll 


I 62 

or  xcoASiscis  i . 

M 64 

npi  01  OAc  (CiAcu  oit)  o'sPosABii  _i_  hu'sabu 


CAROS 


tost  IS/LB) 

oiASiiY  lui/sa  1U-) 


KEYPUNCH  CARO  4 AND  CARD  5 ALTERNATELY 


CARO  4 


ETHOO  \ BEHO  'JESCRIPTION 


Ply  description 


ill 

III 


III 


\ RAOIUsX  \\  %\  \ PtCTANGULAR  \ NONRECTANGULAR  \ ' 

\ OF  \ flange\\  \ \ 

> \ \('N  ) \\  -^\  \ length  \ WIDTH  \ AREA 

\ \ \\*^\  V'N  ) \(1N  ) \(SQ,i;0  X (IN.) 


LAST  ENTRY  ON  CARD  4 IS  “9999";  LAST  EHTRY  ON  CARD  5 IS  "000" 

Lfy:q‘ 

HAIIOLING  WTH03;  1-PRlPlY.  2 ■ li;afCI-ON-TOO'. 

LAtUP  HCTltOO:  I ■ RArtllAL . J ■ RAND-ASSiST , > • CONAAC  AUIORAIR  (IJO  IPN),  5 COSRAC  AOTOHAllC  [M  IP:'.) 

OtPOSlTION  IEOHNIOUE:  1 • RH-O'I.PLY,  2 • C:  ♦ O'!  HdAR 

TTPt  Of  1 ■ SlRAIAMl,  SilARi' . .■'..'.l  I . ? • S!S»:Gii’.  s.'SHP,  ttM'.t;  J ■ STRAIViT,  RAOIA'.  PALI. 

4 > SIRAILh:.  WBIA'..  S - tumtl',  SmiUll  IIASi.t  llAPt);  ( • a.mli.  SHllILk  ll-'.'ISl  (i.MI), 

7 ■ CU.'IVIO  (WLVEI  HATUlAl  ) 

NATERIAL  FCRH:  1 • UNIBIRCCT lONAl  TAPE,  7 • WOVEN 

NATCRIAL  TYPE:  1 • CRAPhlU/£PO«Y,  7 • IIBERGlASS/EPOtY  1 1 


ACCKM  - 2 HONEYCOMB  CORE  PREPARATION 
OBJECTIVE 


ACCKM  - 2 provides  the  description  of  the  part,  material,  and  processes  used 
in  aiuminura  core  preparation  operations.  Data  supplied  in  this  form  will  be 
used  in  calculating  the  standard  horus  and  material  cost  for  core  preparation 
as  well  as  part  weight.  It  is  necessary  to  submit  one  form  for  each  non- 
identical  piece  of  core. 


It  is  an  unconditional  requirement  that  either  ACCEM  - 1 or  ACCEM  -2  be  in- 
cluded in  the  Input  Package  for  computer  program  operation. 


DESCRIPTION  OF  ELEMENTS 


PART  NAME  - 
PART  NUMBER  - 
QUANTITY  - 


Name  of  part 
Number  of  pa»t 

Amount  of  identical  parts  involved  in  operations 
(INTEGER) 


MATERIAL  DATA  - 
CELL  SIZE  - 
DENSITY  - 

AREA  - 

CORE  THICKNESS  - 
COST  OF  MATERIAL  - 
OPERATIONS  - 

SAWING  - 
LENGTH  OF  CUT  - 
MACHINING  - 
FIJIT  - 


Characteristics  of  core  material 
Width  of  one  cell,  in  inches 

Weight  of  material  for  a given  unit  of  volume, 
in  pounds  per  cubic  foot 

Surface  area  of  core  piece,  in  square  inches 

Depth  of  core,  in  inches 

Cost  of  core  in  dollars  per  square  foot 

Techniques  used  to  alter  the  surface  or  shape 
of  core 

Cutting  the  periphery  of  the  core- 

Total  distance  that  Is  sawed 

Altering  shape  and  dimensions  of  core 

Cut  made  perpendicular  to  the  cells  across  the 
core  surface 


DATA  KEQ. 

D 

U 

U 


u 

u 

u 

u 

u 


c 


c 


c 


12 


LENGTH  OF  CUT  - 
WIDTH  OF  CUT  - 


DKSCRIPTION  OF  F.LKMF.NTS 


DATA  REQ 


CONTOUR  - Curved  or  angular  cut  across  core  surface 

LENGTH  OF  CUT  - 
WIDTH  OF  CUT  - 


STEP  - Removal  of  section  perpendicular  to  cells  along 

side  of  core 

LENGTH  OF  CUT  - 
WIDTH  OF  CUT  - 


SCARF  - Removal  of  angular  section  along  side  of  core 

LENGTH  OF  CUT  - 
WIDHT  OF  CUT  - 


BLEND  - Removal  of  surface  material  to  match  structural 

element  to  which  core  is  bonded 

LENGTH  OF  CUT  - 
WIDTH  OF  CUT  - 


C 


C 


C 

C 

C 

C 


C 

C 


CUTOUT  - Hole  cut  In  core 

QUANTITY  - Amount  of  cutouts  made  in  core  C 


HAND  FORMING  - 
BRAKE  FORMING  - 

RADIUS  OF  CURVATURE  - 

DIE  LENGTH  - 

NO.  OF  DTE  CHANGES  - 

NO.  OF  REPOSITIONS  - 
LIQUID  POTTING  - 

VOLUME  - 
TAPE  FOAMING  - 

VOLUME  - 


Manual  bending  or  shaping  of  core 

Machine  assisted  bending  or  shaping  of  core 

Radius  of  circle  to  which  core  is  formed 

Size  of  initial  die  used  in  forming  core 

Amount  of  times  different  dies  is  installed 
in  machine 

Amount  of  times  a particular  die  is  shifted 

Strengthening  core  by  filling  cells  with  mixture 
wlilch  is  hardened  by  application  of  heat 

Measurement  of  area  to  be  filled,  in  cubic  inches 

Strengthening  core  by  applying  tape  which  expands 
when  heated  to  fill  cells 

Measurement  of  area  to  te  foamed,  in  cubic  inches 


C 

C 

C 

C 


C 


C 


U^GF^n 

DATA  REQUIREMENT:  U = Unconditional  Requirement 

C " Conditional  Requirement 
S = System  Generated  (Value  Specified) 
D = Documentation 
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* V.  ♦'to. 


ACCEH-2  HONEYCOMB  CORE  PREPARATION 


t 

i. 


ACCEM  - 3 PART  CONSOl.ltlATION 
OBJFXTIVE 

ACCEM  - 3 doscribes  the  methods  .nnd  processes  of  joining  and  curing  elements. 
Data  supplied  in  this  Perm  will  he  used  in  calculating  the  standard  hours 
for  part  consolidation.  It  is  necessary  to  submit  one  form  for  each  joining/ 
curing  cycle. 

It  la  an  unconditional  requirement  that  either  ACCEM  - 1 or  ACCEM  -2  must  be 
included  in  the  Input  Pachage  If  ACCEM  -3  is  to  be  used. 


DESCRIPTION  OF  ELEMENTS  DATA  REQ . 

CYCLE  NUMBER  - Identifies  the  sequence  of  consolidation  D 

PART  NUMBER  - Name  of  the  part  resulting  from  consolidation  D 

PART  NUMBER  - Number  of  the  part  resulting  from  consolidation  D 

QUANTITY  - Amount  of  Identical  parts  (INTECER)  U 

COMPONENT  DETAIL  PARTS-  Identification  of  elements  to  be  consolidated 

(Elements  must  have  been  previously  identified 
in  ACCEM  - 1 or  ACCEM  - 2) 

NO.  OF  DETAILS  - Quantity  of  line  items  (TNTKOF.R)  U 

PART  NAME  - Name  of  element  D 

PART  NUMBER  - Number  of  clement  U 

QUANTITY  - Amount  of  elements  (INTECER)  U 

CONSOLIDATION  OF 


DETAILS  - Information  identifying  processes  and  methods  used 

in  joining  elements  (either  bonding  or  splicing, 
and/or  a curing  process  msut  be  selected  for  con- 
soli  datio.i  of  details) 


ADHESIVE  - Chemical  agent  used  to  adhere  elements  C 

application  AREA  - Surface  area  in  inches  on  which  adhesive  is  applied  C 

ADDITIONAL 

OPERATIONS 

BONDING  - Joining  surfaces  of  detail  elements  C 

SPLICING  - Joining  edges  of  detail  elements  C 


DESCRTPTION  OF  Kl-KMl-NTS 


DATA  RI'Q. 


I 


CURING  PROCESS  - 


VACUUM  BAGGING  - 


BAG  MATERIAL  - 

RESIN  BLEED  - 

PLY- TO- BLEEDER 
RATIO  - 

BAG(;iNG  AREA  - 


Appl  ic;jt  ion  of  pressure  and  heal  (either 
vacuu.n  batij’lnp,  or  thorina)  expansion  mold, 
and  one  of  the  curinR  tools  must  be  selected 
for  the  curing  process) 

Application  of  vacuum  pressure  to  advanced  com- 
nosiic  material. 

Type  of  material  used 

Removal  of  excess  resin  from  composite  material 

Proportional  relationship  of  composite  plies  to 
bleeder  plies 

Surface  area  covered  by  bag  material,  in  square 
Inches 


SEAL INC /CLAMPING 

PERIMETER  - Distance  around  bag  that  is  sealed  or  clamped, 

in  inches 


THERMAL  EXPANSION 

MOLD  - Elastomeric  tool  in  which  composite  material 

is  contained 


MOLD  CAGE  DIMEN- 


SIONS (EXTERNAL)-  Outer  surface  dimensions  of  mold  cage,  in  Inches 

CURING  TOOL  - Method  of  applying  heat  aw.  additional  pressure 

for  curing. 

AUTOCLAVE  - Chamber  which  supplies  additional  pressure  as 

well  as  heat  to  vacuum  bagged  materia) 

OVEN  - Chamber  which  supplies  beat  by  convection  to 

material  enclosed  in  either  a vacuum  bag  or 
thermal  expansion  mold 


C 


C 


S~3.0 


C 


C 


C 

u 


HEATING  ELEMENT  - Tool  which  transfers  heat  by  conduction  to  material 

enclosed  in  thermal  expansion  mold 


LEGEND 

DATA  REQUIREMENT;  U “ Unconditional  Requirement 
C ■ Conditional  Requirement 
S « System  Generated  (Value  Specified) 
D ■*  Documentation 
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ACCEM-3  PART  CONSOLIDATION 


CAM)  I 


CAM)  2 


CARO  ^ 


^IJART  HAH£  HUMBER  ^ 

ISANTI  TV 

L . j 

COMPONENT  DETAIL  PARTS  ^ 

NUM8ES  or  LINES  OSLO  ■ ■ . (MAXIMUM 

^ART  NAME 

10) 

^RT  NUMBER 

WAMTITt 

^ » 

, t 1 . 

,.  U 1 ■ B ■ ^ 

CONSUL  I OAT  I ON  OF  DETAILS 
ADHESIVE  (CIRCLE  ONE) 

1 

NO;  0 

APPLICATION  AREA:  , , 

YES: 

. . .A. 

1 

J. 

■ -SO. 

AOOITIOMAL  OPERATIONS 

(CIRCLE  ir  APPLICABLE) 

II 

BONDING:  _1_ 

SPLICING: 

II 

CURING  PROC:S'' 

VACUUM  6AGUING 

TV  PE  OF  BAG;  (CIRCLE  ONE) 
RESIN  BLEED:  (CIRCLE  ONE) 

PLY 

12 

DISPOSABLE:  1 

NO:  ^ 

-TO-BLEEDER  RATIO:  ^ 

RLUSABLE: 

YES: 

: i-=i~= 
• 

0 

1 

BAGGING  AREA: 

SEALIHG/GlAMPU-G  PERIMLICR. 

THERMAL  EXPANSION  MOLDING 

E TEHNAL  MOLD  CAGE  DIMENSIONS: 

In — 

-A. 

. .SQ. 

,A. 

.IN. 

LENGTH:  **  . 

.A. 

IH. 

WIDTH: 

.A. 

IH. 

DEPTH;  ^ 

. .A. 

,IH. 

CURING  TOOL:  (CIRCLE  ONE) 

71 

AUTOCLAVE:  J_ 

OVEN: 

HEATING  ELEKEKT: 

17 


. K . > * MM 


. V-  V^ 
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ACCr.M  - 4 I'lNlSlllSc;  Ol’l'.R/VnONS 


oB.nxTivr 


ACCKM  - 4 proviiles  ttu'  p.'irt  di-scr  ipt  ion  and  process  lde>\t  1 f icat  ion  for  the 
flnisliinp,  operations  performod  on  a cured  composite  part.  Data  supplied  in 
this  form  will  bo  used  in  calculalinR  the  standard  hours  for  finisliinft.  Codes 
are  provided  for  IdentlfvlnK  <'nch  operation.  It  is  necessary  to  submit  one 
foriii  for  each  non- 1 doiU  Ica  1 part. 

It  is  an  uncondit ional  requiremonl  tliat  either  ACCKM  - 1,  or  ACCKM  - 2,  ai  I 
ACn  M - 3 bo  int  hided  In  tin'  Input  Package  if  ACCKM  - 4 is  used, 


DESCKimON  OK  EU'.MKNTS 


PART  NAME  - 

PART  NCMHER  - 

QUANTITY  - 

PART  AREA  - 

NET  TRIM  OPERATIONS  - 

TYPE  OK  OPERATION  - 
AVERACE  TlllCKNE.SS  - 
TRIM  EENCnt  - 
FIXTURE  - 
TKMPEATE  - 
HOEF.  OPERATIONS  - 
OPERA! ! ON  CODE  - 
QUANTITY  - 
IIOEE  DIAMETER  - 
HOl.E  DEPTH  - 
FIXTURE  - 
TEMI'EATE  - 
INSERTS  - 


Name  of  part  finished 

Number  of  part  finished 

Amount  of  Idontloal  parts  (INTECKR) 

Surface  are.n  of  part,  in  square  inclu'S 

Processes  In  which  material  is  removi-d  from  the 
edges  of  the  cured  part. 

Identification  of  net  trim  opor.it  ion 

Mean  dopth  of  aroa  tva  bo  trimmed.  In  inches 

Total  distance  trimmed,  in  inohes 

Stationary  tool  on  which  operati»>n  is  poriorniod 

Culde  tool  for  trimming 

Processes  used  to  cut  holes  in  cured  parts 
Identification  of  hole  cutting  operation 
Amount  of  Identical  holes  evit  in  part  (INTEGER) 
Mean  width  of  holes,  in  inches 
Mean  depth  of  holes,  in  inc-es 

Stationary  tool  on  which  operation  is  performed 
Guide  tool  for  cutting  holes 

Removable  bushing  used  to  guide  hole  operaetons 


DATA  REQ. 

D 

D 

D 

U 


C 

c 

c 

c 

c 

c 

c 


c 

c 

c 


EECE.NJi 

DATA  REQUIREMI'.NT:  U • Uneondl t i ona I Requirement 

C • Condii  ional  I’equI  i ement 
S “ System  Generated  (Value  Specif  liil) 
D--  Docum.  nt  at  iim 
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ACCEM-4  FINISHING  OPERATIONS 


jPART  NAME 
CAHO  I i 


jjj  JpT  NUMBER 


CARO  2 (OMIT  IF  LEFT  BLANK)  CARO  4 (OMIT  IF  LEFT  BLANK) 

NET  TRIM  OPERATIONS  HOLE  OPERATIONS 


OPERATION: 

1 

= 

HAND  ROUTING 

OPERATION: 

1 

DRILLING 

2 

MACHINE  ROUTING 

2 

- 

COUNTERBORING 

3 

= 

HAND  SAWING 

3 

= 

REAMING 

4 

= 

MACHINE  SAWING 

4 

= 

COUNTERS INK1N( 

5 

= 

HAND  SANDING 

5 

HOLE  SAWING 

6 

PORTABLE  TOOL  SANDING 

6 

= 

HOLE  PUNCHING 

7 

= 

IWCHINE  SANDING 

FIXTURE: 

0 

= 

NO 

FIXTURE; 

0 

= 

NO, 

1 

r 

EXTERNAL 

1 

= 

YES 

2 

INTERNAL 

TEMPLATE: 

0 

= 

NO 

TEMPLATE : 

0 

= 

NO 

1 

= 

YES 

1 

c 

YES 

INSERTS; 

0 

s 

NO 

1 

= 

YES 
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ACCKM  - S COST  PRO.) KCT IONS 


I 


Oh.lKCTlVE 

ACCKM  - 3 provides  the  rates  and  factors  to  be  used  in  Support  Function  F'.s  t i mat  1 nj; 
and  Cost  Projection.  Data  supplied  in  this  form  will  bo  applied  ti>  the  results  of 
Factory  Labor  Standards  Estimating  in  order  to  arrive  at  total  component  costs  in 
hours  and  dollars.  Codes  are  provided  to  Identify  certain  data  Input  options 
which  allow  maximum  f le.xibi  1 i t y . 

It  is  an  unconditional  requirement  that  either  ACCEM  - 1 or  ACCEM  - 2 must  be  In- 
cluded In  the  Input  Pack.age  If  ACCEM  - 5 Is  to  bo  used.  ACCEM  - 3 and  ACCEM  -4 
are  not  necessarily  required  If  they  are  not  applicable  to  the  estimate. 


DESCRIPTION  OF  ELEMENTS 

UNIT  NUM13ER  - Number  of  production  unit  at  which  cost  is 

estimated.  (INTEGER) 

AVERAGE  I,OT  SIZE  - Mean  number  of  units  in  each  production  lot. 

TYPE  OF  ESTIMATE  - Unit  Cost  is  estimated  ft>r  the  specified  unit 

number.  Cumulative  Average  Cost  Is  the  mean 
cost  per  unit.;  Cumulative  Total  Cost  is  the  sum 
of  the  unit  costs. 

Factors  which  arc  applied  to  the  standards  to  com- 
pute component  total  factory  labor  hours. 

Codes  are  provided  to  indicate  whetlier  factors  In  U 
the  program  are  to  be  applied,  or  whether  data 
which  have  been  entered  (either  in  detail  or  in 
total)  will  override  these  values.  The  input  re- 
quirement for  this  Section  is  dependent  upon  the 
option  that  is  selected. 

Indicates  type  of  learning  curve  slope  S » 0 

Mul't  ipl  icatlve  factor  applied  to  standards  to 
arrive  at  total  hours  fo5  first  unit.  C 

LEARNING  CURVE  SLOPE -Progressivi*  relationship  of  values  expressed  as 

a pi'rcentage.  C 


PR0.FECT10N  FACTORS  - 
DATA  INPUT  OPTIONS  - 

LEARNING  CURVE  - 
Tj  VARIANCE  - 


u 

u 

u 
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DESCRimoN  OF  JLEMENTS  DATA  RF.Q 

IF  DATA  TNPl’T  OPTION  » 0,  THEN  THE  FOI.LOWINO  BASIC  RELATIONSIIU’S  ARE 
APPLIED;  LEARNING  CIIRVE=  0 


FOR  N <5. 

.V.VAR^ 

Sl^j^E 

UNIT  VAR.E()'N 

LAYUP 

34.03 

65.80% 

34.03N~*^‘^^^ 

CORE  PREP 

16.83 

1.  397  + 

PART  CONS 

36.48 

65.77% 

36.48N“’^°''"^ 

FINISHING 

35.19 

65.82% 

35.19N“‘^®^^ 

FOR  N > 6, 

LAYUP 

23.24 

76.63% 

23.24N~‘^®^'^ 

CORE  PREP 

16.83 

- 

1.397  -t 

PART  CONS 

25.06 

76.52% 

25.06N"‘^®^'^ 

FINISHING 

23.84 

76.77% 

23.84n'*^®'^ 

SUPPORT  FUNCTION 

ESTIMATES 

- 

Calculation  of  costs  of  support 

labor  and  material 

DATA  INPUT  OPTIONS 

- Codes  are 

provided  to  Indicate 

whether  relation- 

ships  in  lht»  prop, ram  are  lo  lu-  applioJ,  or  whcllior 
data  which  have  boon  entered  (eitji(>r  as  a multipli- 
cative relationship  or  as  a direct  input)  will 
override  these  values.  The  input  requirement  for 
this  Section  is  dependent  upon  the  option  selected. 

BASE  - Cost  element  which  is  the  basis  of  the  estimating 

relationship 

BASE  UNIT  - Category  of  value  of  the  cost  clement 

FACTOR  - Multiplier  which  Is  applied  to  base  cost  element 

value . 

LABOR  HRS/MAT'L  $'s  - Direct  estimate  of  support  function  cost 


C 

C 
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DF.SCRimON  OF  ELEMENTS 
I.ABOR  RATES  - Facto 


DATA  REC 


DATA  INPUT  OPTIONS 


RATES  - 


Factors  applied  to  labor  hours  to  calculate 
labor  cost  In  dollars. 

Codes  are  provided  to  indicate  whether  rates  In 
the  program  arc  to  be  applied,  or  whether  data 
which  have  been  entered  will  override  these  values. 
The  input  requirement  is  dependent  upon  the  option 
that  is  selected. 

Cost  of  unit  of  labor  in  dollars  per  hour 


IF  DATA  INPUT  OPTION  « 0,  THEN  THE  FOLLOWING  VALUES  ARE  APPLIED: 


FACTORY  LABOR 
QUALITY  CONTROL 
TOOLING 
MFG.  ENG. 
ENGINEERING 
GRAFRIC  SERVICES 


$10.00 

$10.00 

$10.00 

$10.00 

$10.00 

$10.00 


OVERHEAD 


DATA  H:?UT  OPTIONS 


RATE  - 


Costs  incurred  In  doing  business,  regardless  of 
particular  goods  produced,  which  are  allocated 
to' cost  categories. 

Codes  are  provided  to  indicate  whether  rates  in  the 
program  are  to  be  applied  or  whether  data  which 
have  been  entered  (either  In  detail  or  in  total) 
will  overrlie  these  values.  The  input  requirement 
for  this  Section  is  dependent  upon  the  option 
selected . 

Factors  which  are  applied  to  cost  category  dollars 
to  generate  overhead  costs. 


IF  DATA  INPUT  OPTION  = 0,  THEN  THE  FOLLOWING  VALUES  ARE  APPLIED: 

FACTORY  FAB,  1.50 

QUAL.  CONT.  1.50 

TOOLING  1.50 

MFG.  ENG.  1.50 

ENG.  1.70 

1*70  KE 

MATERIAL  -,-.20 

DATA  REQUIREMENT: 

ADMIN.  0.15  I U " Unconditional 


h.EGEND 

1 

DATA  REQUIREMENT: 

U " Unconditional  Requirement 

C “ Conditional  Requirement 
S « System  Generated  (Value 

Spec  1 f led) 

D “ Document. at ion 

ACCE  ’.-F  COST  PROJECTION 


CARD  I 


TYPt  OF  ESTIMATE 
UNIT  COST 

CUMULATIVE  AVERAGE  COST 
CUMULATIVE  TOTAL  COST 


AVE.  LOT  S17F.  ■ 

COC.  21  NO  Jl_ 
COL.  22  NO  _0. 
COL  23  NO  0 


YES  J_  (CIRCLE  ONE) 
YES  (CIRCLE  ONE) 
YES  (CIRCLE  ONE) 


CARO  2 


DATA  INPUT  OPTIONS 
(CIRCLE  ONE)  COL.  I 


FACTORY  LABOR  PROJECTION  FACTORS 


LEARNING  CURVE: 


LOG-LINEAR  UNIT  JL 


CUM.  AVE. 


(a)  LAYUP 

(b)  CORE  PREPARATION 

(c)  FART  CONSOLIDATION 

(d)  FINISHING  OPERATIONS 


VARIANCE 


(CIRCLE  ONE) 


LEARNING  CURVE  SLOPE 


DATA  INPUT  OPTIONS 
(CIRCLE  ONE)  2 

HONE  “ 

lUHS  (»)  - (f)  J., 


(e)  TOTAL  FACTORY  LABOR 

LABOR  RATES 

(a)  FACTORY  LABOR 

(b)  QUALITY  CONTROL 

(c)  TOOLING 

(d)  MFG.  ENG. 

(e)  ENGINEERING 

(f)  GRAPHIC  SERVICES 


DATA  INPUT  OPTIONS 
(CIRCLE  ONE)  3 

HOKE  ,CL, 

WBOS  (6)  - IS)  . ' . 

CUD  (9)  iTi 


SUPPORT  FUNCTIONS 


QUALITY  CONTROL 
TOOLING 
MFG.  LNO. 
ENGINEERING 
GRAPHIC  SERVICES 
SUPPORT  M/UERIAL 

UGEHO 


CAflO  6 


BASE  UNIT 
I 


CA(YO  5 


A .—5/ 


CAfTO  8 


CAFIO  0 

LABOR  HRS/HAT' L $‘S 


-..-w.  ) ' fAno«»  r*cRi«Tia'i. 

4 • »C.  tHO.  ,5  ' EHGIMEB1H5,  t • GKAPIIIC  SERVICtS.  ? ■ PBOKJCTIOH  MT'l 
■ASCUMT;  1 ■ EEOUHS,  2 • POUAHi 


OUAiirr  roHTROL,  3 • tooling, 


DATA  INPUT  OPTIONS 
(CIRCLE  ONE)  4 

HONE  lOj 

ITEMS  (t)  - H).  (2},I3)  , I , 

HEMS  (1).  U),  (3)  I 2 , 


OVCRHEAO  RATES 

(a)  FACTORY  FABRICATION 

(b)  QUALITY  CONTROL 

(c)  TOOLING 

(d)  MFG.  ENG. 

(c)  INGINrERING 

(f)  GRAPHIC  SERVICES 

( 1 ) TOTAL  LABOR 

(2)  MATERIAL 

(3)  ADMINISTRATIVE 


CATiO  W 


CMTO  II 


jr  . . 


■T,  -E 


3.0  KEYPUNCHING  DATA  CARDS 


The  ACCEM  Input  Forma  have  been  designed  so  that  the  data  can  be  keypunched 
directly  from  the  forms.  General  Instructions,  as  well  as  additional  notes,  by 
card,  for  each  ACCEM  Input  Form  have  been  provided.  This  information  has  been 
described  in  sufficient  detail  to  serve  as  a guide  for  the  user  to  keypunch 
data. 

GENEIUL  INSTRUCTIONS 

1)  The  card  and  column  number  wliere  input  data  is  to  be  keypunched  has 
bean  identified  on  each  input  form.  For  each  data  field,  inputs 
should  be  left  Justified, 

2)  All  of  the  data  Inputs  start  in  Columns  1,  11,  21,  31,  41,  51,  61, 
and  71,  For  convenience  in  keypunching,  keypunch  program  cards 
(HIM  029)  can  bo  set  to  these  columns. 

3)  Skip  those  items  where  data  has  not  been  entered,. 

ACCF.M-0  INPUT  CHECKLIST 

Card  1 - one  per  page 
Card  2 - one  per  page 

ACCEM- 1 LAYUP 

Card  1 - one  per  page  (except  as  noted  below) 

Card  2 - one  per  page  (except  as  noted  below) 

Card  3 - one  per  page  (except  as  noted  below) 


Card  4 
Card  5 


Keypunch  alternately*  l«e.*  two  cards  per  line.  Qpntinuc 
sequence  to  the  end  of  this  data.  The  last  entries  should  be: 
Card  4 9999  (Col.  1-4) 

Card  5 000  (Col.  1-3) 


NOTE:  More  than  one  page  of  ACCEM-1  may  be  used  Co  continue 

data  on  Card  4 and  Card  5 for  a non- Identical  layup. 
For  these  continuation  pages  skip  Card  1*  Card  2*  and 
Card  3*  and  resume  sequence  for  Card  4 and  Card  5. 


ACCEM-2  HOiE^COMB  CORE  PREPARATION 
Card  1 - one  per  page 
Card  2 - one  per  page 
Card  3 - one  per  page 
Card  4 - one  per  page 

ACCPl-3  PART  CONSOLIDATION 
Card  1 - one  pec  page 

Card  2 - one  per  line  of  input  (maximum  10  lines) 
Card  3 - one  per  page 

ACCEM-4  FINISHING  OPERATIONS 


Card 

1 - one 

per 

page 

Card 

2 - one 

per 

line 

of 

input. 

Omit 

this 

card 

If 

lines 

are  blank. 

Card 

3 - one 

per 

page 

Card 

4 - one 

per 

line 

of 

input. 

Omit 

this 

card 

if 

lines 

are  blank. 

Card 

5 - one 

per 

page 
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ACCEM-5  COST  PROJECTION 


Card 

Curd 

Card 

Card 

Card 

Card 

Card 

Card 

Card 

Card 


1 - one  per  page 

2 - one  per  page 

3 - one  per  page 

4 - one  per  page 

5 - one  per  page 

6 - one  per  page 

7 - one  per  page 

8 - one  per  page 

9 - one  per  page 

10  - one  per  page 


Zi 


i ••  F>  *'’♦  - * 


4.0  ESTO1ATING  EQUATIONS 


The  (xxtputorized  estimating  system  is  cxamposed  of  equations  v4iich  are 
used  to  calculate  the  elements  of  total  recurring  cost.  These  equations 
are  provided  in  this  section  for  the  user's  reference.  In  addition,  manual 
cost  estimates  can  be  made  solving  the  appropriate  eouations. 

The  standards  estimating  relationships  (Sections  4. 1-4. 4)  form  the  core 
of  the  AXFM  computerized  system.  They  are  used  to  calculate  the  basic  work 
element  of  factory  labor. 

Tb  develop  estimates  of  total  recurring  cost,  the  user  has  the  option 
of  either  entering  his  own  relationships  and  factors  or  using  those  supplied. 
The  Vcuriance  equations  (Section  4.5),  support  function  estimating  relation- 
ships (Section  4.6),  and  labor  and  overhead  rates  (Section  4.7)  which  are 
generated  by  the  computer  are  summarized  herein. 
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4.1  LAYUP  STANDARDS  ESTIMATING  RELATIONSHIPS 
BASIC  DEPOSITION 


DETAIL  ELEMENTS 

SETUP 

RUNTIME 

CLEAN  LAYUP  TOOL  SURFACE 

0.000006A 

(LI) 

APPLY  RELEASE  AGENT  TO 

LAYUP  TOOL  SURFACE 

0.000009A 

(L2) 

POSITION  TEMPLATE  (MYLAR) 

ON  TABLE  AND  TAPE  DOWN 

0.000107A°-'^°°^ 

(L3) 

PLY  DEPOSITION 

MANUAL  - V TAPE 

0.05 

0.00140L°*^°^® 

(L4) 

- 12"  TAPE 

0.05 

O.OONSAL^-®^"^^ 

(L5) 

- WOVEN  MATERIAL 

0.05 

0.000751A®-^^^^ 

(L6) 

HAND-ASSIST  - 3"  TAPE 

0.10 

0.000368L°-®^'^^ 

(L7) 

- 12"  TAPE 

0.10 

0.001585L^-^^^° 

(L8) 

CONRAC  AUTO.  (720  I PM) 

0.15 

0.00063L°-^^'^^ 

(L9) 

(360  I PM) 

0.15 

0.00058L°-^^^^ 

(LIO) 

TRANSFER  PLY  FROM  TEMPLATE 

TO  STACK  OR  LAYUP  TOOL 

0.000145A°-^'‘ ' 

(Lll) 

TRANSFER  STACK  TO  LAYUP  TOOL 

0.000145A°-^^^^ 

(L12) 

CLEAN  CURING  TOOL  SURFACE 

0.000006A 

(L13) 

APPLY  RELEASE  AGENT  TO 

CURING  TOOL  SURFACE 

0.000009A 

(L14) 

TRANSFER  LAYUP  TO  CURING  TOOL 

0.000145A°-^^^^ 

(L15) 

WHERE: 

A = Area  of  ply,  or  greatest  ply  area  of  stack  or  layup,  in  square  inches 
L = Length  of  ply  strip,  in  inches 


LAYUP  COMPLEXITY  INCREMENTS 


BEND  TYPE 

BEND  FACTORS 

NOTES 

STRAIGHT  BENDS 

SHARP,  MALE 

0.00007Ljj 

(Bl) 

SHARP,  FEMALE 

0.00016Lj^ 

(B2) 

RADIAL,  MALE 

0.00007Ljj 

WHEN 

R 

< 2" 

(B3a) 

NO  FACTOR  APPLIED 

WHEN 

R 

> 2" 

(B3b) 

RADIAL,  FEMALE 

O.OOOIGL^ 

WHEN 

R 

< 2" 

(B4a) 

[0.00047R‘’-^^®^]L^ 

When 

R 

> 2" 

(B4b) 

CURVED  BENDS 

TAPE 

[0.015R'-^^^^F‘^^^^]L^ 

STRETCH  FLANGE 

(B5) 

SHRIN.<  FLANGE 

[0.0064R‘-^^^^F-^^^®]Ljj 

(B6) 

WOVEN 

[0,00444R'°-^^^®  + 0.0007]L^ 

(B7) 

WHERE: 


Ljj  = Length  of  bendline 
R = Radius  of  curvature 
F = Flange  Width 


NOTE: 


The  additional  increment  of  runtime  is  added  as  follows: 


Ply-On -PI y/Oi rect-On-Tool 
PI y-On- PI y/Pre- Plying 

Ply-On-Mylar/Direct-On-Tool 

Ply-On-Mylar/Pre-Plying 


(L4)  - (L6)  Ply  Deposition 

(L12)  Transfer  Stack  to 
Layup  Tool 

(Li  1 ) Transfer  Ply  to 
Layup  Tool 

(L2)  Transfer  stack  to 
Layup  Tool 
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SUPPLEMENTARY  LAYUP  OPERATIONS 

DETAIL  ELEMENTS  SETUP  RUNTIME 

DEBULKING 

DISPOSABLE  BAG  0.02  0.00175A®‘®®^^  (L16) 

REUSABLE  BAG  0.02  0.000557A°‘®’“'^  (L17) 

TRIMMING  0.0001  IP  (L18) 


WHERE: 

A = Area  of  layup,  in  square  inches 
P = Perimeter  of  layup,  in  inches 


4.2  CORE  PREPARATION  STANDARDS  ESTIMATING  RELATIONSHIPS 


DETAIL  ELEMENT  SETUP 


SAWING 

HANDLING 


SAWING 

0.05 

MACHINING 

POLYGLYCOL 

0.02 

HANDLING 

FLAT 

0.50 

CONTOUR 

0.60 

END  MILL  STEP 

0.11 

END  MILL  SCARF 

0.11 

END  MILL  BLEND 

0.11 

CUTOUT 

0.01 

FORMING 

HAND 

0.05 

POWER  BRAKE 

SETUP 

IF  DIF.  LENGTH 

< 6 FT. 

0.15 

IF  DIE  LENGTH 

> 6 FT. 

0.19 

PER  DIE  CHAmGE 

0.12 

PER  DIE  REPOSITION 

0.03 

INCREMENTS 

IF  C = 0.1250 

IN. 

IF  C = 0.1875 

IN. 

IF  C = 0.2500 

IN. 

IF  C i 0.3125 

IN. 

LIQUID  POTTING 

0.05 

TAPE  FOAMING 

0.05 

CLEANING 

0.05 

WHERE: 

A = Core  area  in  square  inches 
T = Core  thickness, in  inches 
L = Length  of  cut,  in  inches 
W = Maximum  width  of  cut,  in  inches 
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RUNTIME 


H = 0.000453A°-^®^° 

(HI) 

H = (0.000663T°-^^^°)L 

(H2) 

H - 0.00257A°*^^^^ 

(H3) 

H = 0.002657A°-^°^^ 

(H4) 

H = 0.0002(W/1.5)(L  + 6) 

(H5) 

H = 0.00005(4W)(L  f 6) 

(H6) 

H = 0.0006WL 

(H7) 

H = 0.0006WL 

(H8) 

H = 0.0009L 

(H9) 

H = 0.0120(N) 

(HIO) 

H = O.OOOOOSA^-^^® 

(HID 

H = 0.0008L°-^^^^ 

(HI?' 

H = 0.0091R 

(H12a) 

!■:  = 0.0065R 

(H12b) 

H = 0.0052R 

(H12c) 

H = 0.0039R 

(H12d) 

H = 0.0105V 

(H13) 

H = 0.0257V 

(H14) 

H = 0.00046V°-'^^^^ 

(Hi:) 

N = Number  of  cutouts 

R = Radius  of  curvature  to  be  formed, 
in  inches 


C = Cell  size,  in  inches 
V = Volume  to  be  potted  or  foamed, 
in  inches 


4,3_PART  CONSOLIDATION  STANDARDS  ESTIMATING  RELATIONSHIPS 
SPLICING/BONDING 


DETAIL  ELEMENT 

SETUP 

RUNTIME 

APPLY  ADHESIVE 

0.05 

0.0000 55A 

d 

(Cl) 

HANDLING 

o.ooiba'^-^^^^ 

(C2) 

WHERE; 

Ag  = Adhesive  application  area,  in  square  inches 
A = Part  area,  in  square  inches 

NOTE:  These  standards  are  applicable  only  if  the  adhesive  which  joins  the 
detail  elements  is  cured  by  applying  heat  with  a hand  gun. 


V 
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VACUUM  BAG/AUTOCLAVE  CURE 


APPLICATION 


DETAIL  ELEMENT 

SETUP 

RUNTJflE 

DIS^' 

SETUP 

0.07 

GATHER  DETAILS,  PREFIT, 
DISASSEMBLE  AND  CLEAN 

0.001326 

X 

X 

(VI) 

APPLY  ADHESIVE 

0.000055[A^] 

X 

X 

(V2) 

ASSEMBLE  DETAIL  PARTS 

0.000145 

X 

X 

(V3) 

APPLY  POROUS  SEPARATOR 
FILM 

0.000009A|^ 

X 

X 

(V4) 

APPLY  BLEEDER  PLIES 

0.00002A 

X 

X 

(V5) 

APPLY  NON- POROUS 
SEPARATOR  FILM 

0. 000009  Ajj 

X 

X 

(V6) 

APPLY  VENT  CLOTH 

0.00002Ajj 

X 

X 

(V7) 

INSTALL  VACUUM  FITTINGS 

0.0062N^ 

X 

(V8) 

INSTALL  THERMOCOUPLES 

0.0162N^ 

X 

X 

(V9) 

APPLY  SEAL  STRIPS 

o.oooiep^ 

X 

(VIO 

APPLY  DISPOSABLE  BAG 

0.000006A^ 

X 

(vn 

APPLY  RUBBER  BAG 

O.OOOOlSAj^ 

X 

(V12 

SEAL  EDGES 

0.00054Pjj 

X 

(V13 

CLAMP  EDGES 

0.00023Pjj 

X 

(V14 

CONNECT  VACUUM  LINES  & 
APPLY  VACUUM 

0.0061 

X 

X 

(V15 

SMOOTH  DOWN 

0.000006Ajj 

X 

X 

(V16 

CHECK  SEALS 

0.000017P^ 

X 

X 

(V17 

DISCONNECT  VACUUM  LINES 

0.0031 

X 

X 

(V18 

CHECK  AUTOCLAVE  INTERIOR 

0.0300 

(Al) 

LOAD  LAYUP  IN  TRAY 

o.oooiasa'^-'’^^^ 

(A2) 

ROLL  TRAY  IN 

0.0250 

(A3) 

CONNECT  THERMOCOUPLE  LEADS 

0.0092N^ 

(A4) 

CONNECT  VACUUM  LINES  AND  APPLY 

(AS) 

VACCUM  PRESSURE 

o.ooeiNf 

CHECK  BAG,  SEAL  8 FITTINGS 

[0.000006Aj^+  a00027Pjj 

+ O.OOBBN^] 

(A6) 

CLOSE  AUTOCIAVE 

0.0192 

(A7) 

SET  RECORDERS 

0.0560 

(A8) 

START  CURE  CYCLE 
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APPLICATION 


DETAIL  ELEMENT  SETUP 

RUNTIME 

msp.~ 

REU'S. 

CYCLE  CHECK 

0.0800 

(A9) 

SHUT  DOWN 

0.00332 

(AlO) 

REMOVE  CHARTS 

0.00332 

(All) 

OPEN  AUTOCLAVE  DOOR 

0.0192 

(A12) 

DISCONNECT  THERMOCOUPLE 
LEADS 

0.0035N^ 

(A13) 

DISCONNECT  VACUUM  LINES 

0.0031N^ 

(A14) 

ROLL  TRAY  OUT  OF  AUTOCLAVE 

0.0120 

(A15) 

REMOVE  LAYUP  FROM  TRAY 

C030145A°-^^^’ 

(A16) 

RELEASE  CLAMPS 

0.00007Pjj 

X 

(V19) 

REMOVE  DISPOSABLE  BAG 

O.OOOOOBA^ 

X 

(V20 

REMOVE  REUSABLE  BAG 

0.000003Ajj 

X 

(V21) 

REMOVE  THERMOCOUPLES 

0.0095N^ 

X 

X 

(V22) 

REMOVE  VACUUM  FITTINGS 

0.0029N^ 

X 

(V23) 

REMOVE  VENT  CLOTH 

0. 00000 7Ajj 

X 

X 

(V24) 

REMOVE  NON- POROUS  SEPARATOR 
FILM 

0. 000007 Ajj 

X 

X 

(V25) 

REMOVE  BLEEDER  PLIES 

0. 000007 Ajj 

X 

X 

(V26) 

REMOVE  POROUS  SEPARATOR 
FILM 

0. 000007 Ajj 

X 

X 

(V27) 

ASIDE  USED  MATERIAL 

O.OOOOOSAjj 

X 

X 

(V28) 

REMOVE  LAYUP  i ASIDE 

O.OOOOOGAjj 

X 

X 

(V29) 

CLEAN  TOOL 

0.000006A. 

X 

X 

(V30) 

WHERE: 

A = Area  of  detail  part  to  be  consolidated,  in  square  inches 
A = Area  of  surface  where  adhesive  is  applied,  in  square  inches 
A^  = Bagging  area,  in  square  inches 
a”  = Area  of  resin  bleeder  plies 

= Area  of  composite  material  used  divided  by  ply  to  bleeder  ratio, 
in  square  inches 

= Number  of  vacuum  fittings  = 1,  if  A.  - 432  square  inches 

= 2,  if  A?  - 432  square  inches 
Pjj  = Perimeter  of  bag  to  be  sealed  or  clamped,  in  inches 

NOTES: 

1.  (VI)  - (V3)  are  applicable  if  two  or  more  component  detail  parts  are 
to  he  joined  together  in  one  cure  cycle 

2.  (V4)  - (V5)  and  (V26)  - (V2/)  are  applicable  if  resin  bleeding. 
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VACUUM  BAG/OVEN  CURE 


DETAIL  ELEMENT  SETUP  RUNTIME 

SETUP  0.05 


SEE  VACUUM  BAG/AUTOCLAVE  CURE  FOR  ELEMENTS  (VI)  - (V18) 


CHECK  OVEN  INTERIOR 

0.0300 

(01) 

LOAD  LAYUP  INTO  OVEN 

0D00114Ajj°-®^®® 

(02) 

CONNECT  VACUUM  LINES  AND 
APPLY  VACUUM  PRESSURE 

o.ooeiN^ 

(03) 

CONNECT  THERMOCOUPLE  LEADS 

0.0092N^ 

(04) 

CHECK  FOR  LEAKS 

[0.00000CAj^+  .00044P.  +0.0088N  ] 

(05) 

CLOSE  OVEN 

0.0192 

(06) 

SET  RECORDER 

0.0140 

(07) 

START  CYCLE 
C.YCLE  CHECK 

0.0800 

(08) 

SHUT  DOWN  AFTER  CURE 

0.00083 

(09) 

REMOVE  CHARTS 

0.00083 

(010) 

OPEN  OVEN 

0.0192 

(Oil) 

DISCONNECT  THERMOCOUPLE 
LEADER 

0.0035N^ 

(012) 

DISCONNECT  VACUUM  LINES 

0.0031N, 

(013) 

REMOVE  PART  FROM  OVEN 

^ 0.8586 
0.0001 14Ajj 

(014) 

SEE  VACUUM  BAG/AUTOCLAVE  CURE  FOR  ELEMENTS  (V19)  - (V30) 


WHERE: 

Ajj  = Bagging  area,  in  square  inches 
= Number  of  vacuum  fittings 
Pjj  = Sealing/clamping  perimeter,  in  inches 
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THERMAL  EXPANSION  MOLUihJ 


DETAIL  ELEMENT  SETUP  RUNTIME 


SETUP  0.02 

CLEAN  MOLD  CAGE  0.0008A|^  (XI) 

APPLY  RELEASE  AGENT  O.OOlSAj^  (X2) 

ASSEMBLE  LAYUPS  INTO  CAGE  [0.0237  + 0.0016  (X3) 

APPLY  HEAT: 

a.  OVEN:  0.05  SEE  VACUUM  BAG/OVEN  CURE  ELEMENTS  (01)  - (014) 

b.  HEATING  ELEMENT:  0.43  0.00264  (A*^'^^*^’)  (X4) 

REMOVE  PART  FROM  TOOL  [0.000145  + 0.000253  (X5) 

ASIDE  PARTS  0.000043 


WHERE: 

A = External  surface  a'-ea  of  mold  cage,  in  square  inches 
m 

A = Area  of  component  detail  part  to  be  consolidated,  in  square  inches 
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4.4  FINISHING  STANDARDS  ESTIMATING  RELATIONSHIPS 
DETAIL  ELEMENT  SETUP  RUNTIME 


NET  TRIM  OPERATIONS 

HAND  ROUTING 

0.05 

MACHINE  ROUTING 

0.20 

HAND  SAWING 

0.02 

MACHINE  SAWING 

0.05 

HAND  SANDING 

0.02 

PORTABLE  TOOL  SANDING 

0.02 

MACHINE  SANDING 

0.25 

HOLE  OPERATIONS 

DRILLING 

0.05 

COUNTERSORIilG 

0.05 

REAMING 

0.05 

COUNTERSINKING 

0.05 

HOLE  PUNCHING 

0.05 

HOLE  SAWING 

0.05 

HANDLING  TIME 
PART  HANDLING 
FIXTURE  - INTERNAL 
- EXTERNAL 

TEMPLATE 

CLAMPS 

INSERTS 


(0.00666T°-^^^^)L 

(FI) 

0.0015L 

(F2) 

(0.0046T°-^^^'^)L 

(F3) 

(0.0022T°'^^^^)L 

(F4) 

G.0005L 

(F5J 

■■ 

(0.0012T)L 

(F6) 

(0.00046L)P 

(F7) 

(0.016930°-^'^^®  Z 

0.4562^  0.0006)Q 

(F8) 

(0.00514D°’^^^^  Z 

0.0006)0 

(F9) 

{0.012180®-^^^^  Z 

0.P006)Q 

(FIO) 

(0. 004500°’ + 

0.0006)0 

(Fll) 

(0.0036)Q 
(0.01293  Z 

(F12) 

+ 0.0006)0 

(F13) 

0.000145A°’°^^^ 

(F14) 

0.0D414A°’^^^^ 

(F15) 

0.00777A°’^°°'^ 

(F16) 

0.000107A°’^^°°° 

(F17) 

0.000322C 

(F18) 

0.0007Q 

(F19) 

WHERE: 

T = Average  material  thickness,  in  inches 
1.  = Trim  length,  m inches 
P = Number  of  passes 
D = Hole  diameter,  in  inches 
Z = Hole  depth,  in  inches 
Q = Quantity  of  holes  per  part 
A = Part  area,  in  square  inches 
C = Part  perimeter,  in  inches 


4.5  FACTORY  U^BOR  V7VRIANCE  EQUATIONS 


Factory  labor  hours  at  a specified  production  unit  are  calculated  by 
applying  the  solution  of  the  appropriate  Vcuriance  equation  as  follows: 

(Factory  Labor  Hours).,  = [(Variance).  * (Factory  Labor  Standards)], 

N N 

where  (Factory  Labor  Standards)  = (Set  Up/Lot  Size)  + Run 
LfiyUP 

Unit  Variance 

34.03  for  N^5 

23  24  for  N^6 


Qinulative  Variance 


^CL=  f^4 


.o3$(r* 


6037 


) ] , for  5 
N. 


V-  = I34.03^(i*  ‘®°^*^n  +(23.24^{i“*^®^®)),  for  6 

CL  i=l  ^ 


Cunulative  Average  Variance 


^CAL 
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HONEYCOMB  CX)RE  PREPARATION 


Unit  Variance 

''UHC  * 1-3970  t 

Cimulative  Variance 

N , 

Vqjc  = 1.397N  + 15. 4359 S 

1 ^ 

Cunulative  Average  Variance 

V 

V = ^ 

CAHC  N 

PART  Cg^SOLIDATIC^ 

Unit  Variance 


V = 

UPC 

(36.48n"‘^°'^^], 

for 

N^'5 

'^UPC 

(25.06n"*^®®°], 

for 

N^6 

Cumulative  Variance 

[36.48  ^ 

(36.48  -f  (25.06^(i“*^®®°)],  for  N 

i=l  ° 


^CPC 

'^CPC 


Cumulative  Average  Variance 


V = 

CAPC 


V 

CPC 

N 
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FINISHING 


Unit  Variance 

Vyp  = t35.19N"*®°^^],  for  N<  5 

Vyp  = [23.34N“*^®^^],  for  N^6 

Cumiilative  Variance 

N 

V^  = [35.19^(i"-®°^^)l,  for  N^5 

5 N 

Vpp.  = [35.19g(i“*®°^^)]  + [23.84£(i"*^®^^)l,  for  N^5^6 

^ i=l  6 

Cumulative  Average  Variance 
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4.6  SUPPORT  FUNCTIONS  ESTimTING  EQUATIONS 


QUALITy  OONTROL 


Linear  Unit  Iimrovenent  Curve 


Unit  Quality  Control  Labor  Hours 

Cumulative  Quality  Control  Control  Labor  Hours 

oon^  ' (FU)^) 

Cumulative  Average  Quality  Control  Labor  Hours 
Ave  ' 


Log-Linear  Cumulative  Average  Iirprovement  Curve 


Cumulative  Average  Quality  Control  Labor  Hours 
Ave  ’ (0.4243N-0-1’”, 

Cumulative  Quality  Control  labor  Hours 

= (0-4243N-''-1”’)  iFUi^) 

Unit  Ojality  Control  Hours 

«°Vunit  = <0041^)  - 


TOOLING 


Log~Linecir  Unit  Inprovanent  Curve 
Unit  Tooling  Labor  Hours 

™^Unit-  (0.6313N-°-"19S  (Fl^V^-unit’ 

Cumulative  Tooling  Labor  Hours 

™Wr.  = (o-ejuli-o-'w®) 

Cumulative  Average  Tooling  Labor  Hours 
Ave 

Log-Linear  Cumulative  Average  Improvement  Curve 
Cunulative  Average  Tooling  Labor  Hours 

“Wun  Ave  " (nil^ 

Cumulative  Tooling  Labor  Hours 

-0  2594 

Hil^  = (0.7030N 
Unit  Tooling  Labor  Hours 

'^’^^Unit  ~ ^'^N-Cv8n^“^'^^(N-l)-Cum^ 
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MANUFACTURING  ENGINE33UNG 


Log-Linear  Unit  ImprovGtnent  Curve 

Unit  Meinufacturing  Engineering  Labor  Hours 

- (1-0062n-“-“56) 

Cumulative  Manufacturing  Engineering  Labor  Hours 

= a-0062|i-»-‘'25«)  (mi^) 

Cumulative  Average  rianufacturing  EJngineering  Labor  Hours 
Ave  ' ^ 

Log-Linear  Cumulative  Average  Inprovement  Curve 

Cunulative  Average  Manufacturing  Engineering  Labor  Hours 

Ave  “ (0.7227N-“-1*2«)  (Flii^ 

Cumialative  Manufacturing  Eiicineering  Labor  Hours 
= (0.7227N-“-1"2«) 

Unit  Manufacturing  Eiigineering  Labor  Hours 
•’™Vunit=  -Cum^ 
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ENGINEERING 


Log-Linear  Unit  ImproveTvent  Curve 

Unit  Engineering  Labor  Hours 

“<N-Unit  ' (0.3524N-“-”1^ 

Cumulative  Engineering  Labor  Hours 

N^,  .-0.3713 
= (0.3524^^  X f 

Cumulative  Average  Engineering  Labor  Hours 
^-Cum  Ave  '“W,'  ^ 

Log-Linear  Cumulative  Average  Inprovement  Cuwe 

Cumulative  Average  Engineering  Labor  Hours 

-0 

EU,^  Ave  = Ave> 

Cumulative  Engineering  Labor  Hours 

-0  2223 

^-Cum  = 

Unit  Engineering  Labor  Hours 

™N-Unit  ' -Cum^ 
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GRAPHIC  SERVICES 


'!v 

I 


Log-Lineeir  Unit  Improvement  Curve  I 

Unit  GrajMc  Services  Leiboi  Hours  I 

Cunulative  Graphic  Services  Labor  Hours 

= (0-0432|r‘>-'8<'>)  (FUl^) 

Cunulative  Average  Graphic  Services  Labor  Hours 

■j 

Ave  = <^^-Cum>  1 

153  -Linear  Cumulative  Average  Tnprovqrei'tt  Curve  j 

emulative  Average  Graphic  Servdees  Labor  Hours  j 

Ave  ' t0.0824N-'’-2»'^)  ,,  j 

I 

Cunulative  Graphic  Services  Labor  Hours 

®“n-C™  ' <0-0824ir'>-2298,  i 

Unit  C>raphjc  Services  Labor  Hours 


4,7  lAROR  AND  OVERHEAD  IVVTEG 


lAQOR  RATES 

FACIORY  LABOR  $10.00/HOUR 
QUALITY  CONTROL  $10.00/HOUR 
TOOLING  $10 . OO/HOUR 
MPG.  ENG.  $10. OO/HOUR 
ENGINEERING  $10. OO/HOUR 
GRAPHIC  SEI^VICES  $10.00/HOUR 


OVERHEAD  RATES 

FACTORY  LABOR  1.50 
quality  OONIRDL  1.50 
TOOLING  1.50 
flPG.  tH'7.  1.50 
ENGINEERING  1.70 
C3^HIC  SE1?VICES  1.70 
MATERIAL  0.20 
ADMINISTRATIVE  0.15 


46 


I 


SUPPORT  ^^\'IER1AL 


(Support  Material  $)  = 0.30  (Production  Material  $) 


Manufacturing  Allowance 

(Mfg.  Allow.  $)  = [0.02  (Factory  Labor  $)  + (Scrap  Material  $)1 


S.O  OUTPUTS 

Tlie  computerized  cost  estimating  svsten  generates  a printing  of  the  input  data 
In  coded  form  and  of  the  calculated  costs  of  advanced  composite  part  fabrica- 
tion. These  outputs  may  be  outlined  as  follows: 
e GENERAL 

- IDENTIFICATION  OF  ESTIMATOR  AND  PART  THAT  IS  ESTIMATED 

- QUANTITY  OF  EACH  INPUT  FORM 
e LAYUP 

- CODED  FORM  OF  INPUT  DATA 

- STANDARD  SETUP  AND  RUNTIME  HOURS  FOR  DETAIL  LAUOR  ELEMENTS 

- MATERIAL  USAGE  AND  SCRAP 

- WEIGHT  AND  COST  OF  NET  COMPOSITE  MATERIAL 

e HONEYCOMB  CORE  PREPARATION 

- CODED  FORM  OF  INPUT  DATA 

- STANDARD  SETUP  AND  RUNTIME  HOURS  FOR  DETAIL  LABOR  ELEMENTS 

- WEIGHT  AND  COST  OF  CORE  MATERIAL 

e PART  CONSOLIDATION 

- CODED  FORM  OF  INPUT  DATA 

- STANDARD  SETUP  AND  RUNTIME  HOURS  FOR  DETAIL  LABOR  ELEMENTS 

e FINISHING 

- CODED  FORM  OF  INPUT  DATA 

- STANDARD  SETUP  AND  RUNTIME  HOURS  FOR  DETAIL  LABOR  ELEMENTS 

e SUMMARY  OF  TOTAL  FACTORY  LABOR  STANDARD  HOURS 


COST  PROJECTIONS 


- CODEC  FORJl  OF  INPUT  DATA 

- UNIT  COST  ESTIMATE  AT  SPECIFIED  UNIT  NUMBER 

- CUMULATIVE  COST  ESTIMATE  AT  SPECIFIED  UNIT  NUMBER 

- CUMULATIVE  AVERAGE  COST  ESTIMATE  AT  SPECIFIED  UNIT  NUMBER 

- WEIGHT  ESTIMATE  OF  COMPOSITE  AND  CORE  MATERIAL 


Outputs  of  sample  estimates  which  illustrate  the  contents  of  the  above  cate- 
gories are  contained  in  the  Appendix. 
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